SUMMARY The variability ofDoppler echocardiographic estimation of cardiac output at the aortic orifice was investigated in eight healthy subjects. Cross sectional echocardiograms of the aortic orifice and aortic Doppler velocities were recorded and measured by four echocardiographers. Between subject variability was significantly larger than within subject variability for all variables. Variability owing to different echocardiographers and different measurement times was small compared with total variability. Coefficients ofvariation for aortic annular diameter, aortic velocity integral, and heart rate were 4a 1 %, 6-4%, and 5 0% respectively. 
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Blood velocity in the ascending aorta was recorded from the suprasternal notch by continuous wave Doppler ultrasonography. The direction of the ultrasound beam was adjusted until the highest velocities with the "cleanest" envelope were obtained. These velocities were taken to represent the velocities at the aortic orifice when the ultrasound beam was parallel with flow. The Doppler output and an electrocardiographic tracing were recorded on a strip chart at a paper speed of 100 mm/s. The area under the velocity curve, or the velocity integral (VI), was determined after each investigation by tracing from the baseline around the maximum velocity curve with a digitising tablet linked to a microcomputer.8 Ten consecutive beats were averaged for each measurement.
Heart rate (HR) was measured directly from the RR interval of the simultaneously recorded electrocardiogram. Stroke volume (SV) and cardiac output (CO) were calculated as follows: SV (ml) = VI (cm) x CSA (cm2), CO (1/min) = SV (ml) x HR (min") 1000.
The observers analysed their own recordings. Heart rate and velocity recordings were then numbered and reanalysed blindly out of order by one observer (SCR) to measure intraobserver variability. Because cross sectional echocardiograms were stored on videotape it was not possible to reanalyse them in random order. To try to eliminate any possible observer bias, recordings were reanalysed several weeks after the initial investigation.
STATISTICAL ANALYSIS An analysis of variance was used to determine the contribution of various factors (variance components) to the overall variance. The total variance consists ofa component owing to differences between the subjects (as2) and a component owing to differences within subjects (aw'). The Figure 1 shows the variance components for heart rate, velocity integral, and aortic diameter. Figure 2 shows the variance components for the calculated variables stroke volume and cardiac output. For all variables the within subject variance was significantly smaller than the between subject variance (p < 0-001). The "between echocardiographer" variance (aE') and the "between measurement times" variance (aT') were both small for all the measured and calculated variables and in no case were they significantly different from the residual variance (aR').
The calculated within subject components shown in figs 1 and 2 are given for completeness, even though there were no significant differences. Table 1 shows the mean and approximate 95°o confidence intervals for each variable. Table 2 shows the contribution of recording and measuring the echocardiograms to the total within subject variance. The variance owing to recording the echocardiogram was significantly larger than the variance owing to measuring recordings for all variables except stroke volume. The variability of the one analyser who reanalysed his own recordings (intraobserver variability) was compared with the variability of the same analyser analysing the recordings of the other three analysers (interobserver variability) and no significant differences were found except for the measurement of velocity integral (p < 0.005).
Discussion
This study reports the variability of Doppler measurements of aortic flow in a group of healthy adults. The echocardiographers were all experienced in obtaining and analysing Doppler velocity and cross sectional recordings and no attempt was made to select good echocardiographic subjects. Thus we hoped that the study would determine the size and Reproducibility of cardiac output measurement by cross sectional and Doppler echocardiography 683 source of error that might be expected in clinical practice.
We used a components-of-variance analysis to estimate the different possible sources of imprecision for each of the measurements. The results suggest that the variability caused by different observers obtaining and measuring echocardiographic recordings is small relative to the total variability. The variance owing to differences between the measurement times was also very small. By having one observer reanalyse all the recordings we were also able to determine that recording the echocardiograms is a significantly larger source of error than measuring them.
We believe that the present study is the first to report the reproducibility of measurement 
